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Isolation and characterization of large molecular weight fragments of PTH 
J.W.Colford .1, M. SalvatH. G. MacFarlanel, L.J. Sokol|2. MA Levine* 
1 1NCSTAR Corp.. Stillwater, MN, USA 
The Johns Hopkins School of Medicine, Baltimore, MD. USA 

Deferences exist among commercial assay valuta f™- intact dtu i 
PTH assay to the INCSTAR N-tact® PfflsP Intact pth ft? ^^ ng Nfcho,s 

or primary hyperparathyroidism yielded values Tftta iS^ST? !? 8ampta8 fram P atfents ^ uremic 
Nichols assay than the INCSTARasSv XiLZc ,?^. and 1 ^ hmes hi 9 her - respectively, in the 
antibody, but each assay has £s< S %£nWrZ£ ^SS^tT^FIT^ ^ (39 ^»> 
may account for these differences antSdtecK w S?' T° D ?^fl Uate whether Seated forms of PTH 
intact PTH was Immunoextrac^^S ^^^'T 81 £ H (1 " 7) Was adsorbed ™ beads and 
Daeprte exhau 3 tive immunoexlriSn SS of SSav v^Sf^"^ ^ primary hyperparathyroidism, 
and Nfchols intact PTH values. A secoXnttooov Si fo PT^^Sf ersi$ted between ,NCS ^R 
sol«d phase eliminated 96% of immur^reacSof bStfSL n-Jl^ adsort>ed 0n bea ^ ™« this 
N-terminaily truncated fragment of PTni hatwLfamir £2." I^f 3ta su 99 esled presence of an 
non-{1-84) molecular form's), an ^munS^o^in^^J^ chara <^zed- To isolate the 

PTH (39*4) ,o hydrophobic macro^^^ a " antibody specific for 

over the column, the column was washed wttho^^S 22?" D ^' dated P°°led uremic scrum was passed 
buffer. The protein In the elue^s^raS b y reveS pKSlr^ ^ '° W 
and reconstituted in stripped serum tkLo CQm . d the h^* 0 " 5 w ere dried with N 2 

yaiues by -tenfio^n^ NW»b assay, plotting the sampte 

jmmunoreactive PTH species in addition to Epth r™^ firsl peak ' su 99 e s«ng one or two 
tracer showed only one major peak We c^dSSpTHTS T?^ 5 ™ 9 PTH < 1 * 7 > antib ^ « the 
renal faBure and primary hypemamftvroid^m 7 heterogeneity in the circulation of patients with 

truncated at the N%erm7nu^Xl& g Ton S^SZtf" ""**■ 71,6 fr a «> are 

mtact PTH. It has been shown that p™ 7HS » a S^±S^ f SOme ^™ercially avaBable assays for 
binding, while PTH (15-34) provided Tmo st of bK^tf ^!°y ec ^ tor ac<iv ation upon receptor 
receptor agonist, bu\ remaps a candSS as a re^pff^nS *" ^ lS nW 
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ABSTRACT 

The N-terminus of the PTH molecule is required for PTH 
receptor interaction. It has been shown that cleavage of three amino 
acids from the N-terminus will inactivate PTH activity in vivo 
specificity is an advantage of a two antibody assay format of an IRMA 
An N-terminal truncated circulating inhibitor to PTH has been 
hypothesized, but not found. Both the INCSTAR Intact PTHSP™ 
assay and the Nichols Allegro™ Intact PTH claim to be specific for the 
intact molecule. In a comparison between the two kits, patients with 
renal failure were assayed. The results showed that the Nichols assay 
results to be an average of 1.52 times the INCSTAR assay value (n = 
14). Intact 1-84 PTH was spiked into clarified human serum and 
assayed m both kits. The results showed that the Nichols assay results 
to be an average of 1 .07 times the INCSTAR assay value (n = 12) 

intact Pm T "* dirCCted t0 the N " tem "nal region of the 

intact PTH molecule. To compare specificity of the two assay tracers 
we used a (7-84) C-terminal fragment. While not a defined byproduct' 
of PTH metabolism in vivo, it could provide insight to the degree the 
population of antibodies in the tracer are directed to the N-terminus 
Basedxm weight target levels of 1500, 1000, and 500 pg/ml (7-84) 
PIH C-term,nal fragment were spiked into clarified human serum, the 
Nichols a^say had values of 520, 374, and 245 pg/ml, respectively. The 
INCSTAR assay had values of 220, 167, and 114 pg/ml, respectively. 
This showed that the Nichols results to be an average of 2.25 times the 
INCSTAR assay value (n =14). 

the n^pS TA ! T° er WaS substituted into Ae Nichols assay and 
me ^/-84) P 1H spiked serum samples were assayed, with the hybrid 

ShXslA 2 R 58 ; 191> ^ l l l pg/m1 ' respective *- ™ s 

that the INCSTAR tracer gives the INCSTAR assay greater specificity 
for the intact PTH molecule than the Nichols assay. These results also 
suggest the presence of a C-terminal fragment of PTH in renal samples 
that has not been currently identified. 
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INTRODUCTION 

Recently, it has been reported that there is a non-(l-84) molecular 
form of PTH found in normals and renal samples that is 
immunoreactive in the Nichols Allegro™ Intact PTH assay (Brossard et 
al Proc. Int. Cong. Endo. Vol2_ OR60-5). The PTH molecule is 
degraded in the parathyroid gland itself and also in the liver. The 
breakdown products don't have most of the N-terminal 27 amino acids 
and lack hypercalcemia hypocalciuric, and phosphaturic activity. 
These fragments have a considerable half-life and accumulate in 
circulation up to 20 times the concentration of the intact hormone. 
Their presence makes the immunologic assessment of the biologically 
active hormone difficult. 

The hepatic fragments are generated when enzymes on the 
surface of Kupffer cells cleave the hormone in its 34-43 region. These 
fragments are formed at a rate dependent largely on the concentration 
of intact PTH. The N-terminal fragment is at very low concentrations 
in serum, suggesting a quick and thorough removal from circulation. 
Fragments generated in the parathyroid gland are truncated at both ends 
of the molecule. These fragments are not currently defined. In 
hypercalcemic patients of a non-parathyroid origin, the negative 
feedback mechanism will suppress PTH release to almost nothing, but 
the parathyroid gland will continue to release truncated fragments. In 
patients that have nonparathyroid forms of hypercalcemia, these 
fragments have been detected by a carboxy- terminal RIA but the N- 
terminus was not defined. All PTH fragments are removed from 
circulation by the kidney. In cases of renal insufficiency, fragments 
accumulate. 

There appear to be differences in the values for renal samples 
among the Nichols Allegro™, DSL Active™, and INCSTAR N-tact® 
PTHSP assays. To explore these differences, PTH (1-84) and (7-84) 
immunoreactivity was validated between the assays. If PTH (1-84) 
equivalence is shown, renal sample differences will be significant. The 
results will be compared to reported non-(l-84) PTH immunoreactivity. 
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Dilution Linearity Validation 



Pat. ID# 


46 


46 1*2 


4fi 1*. 


Nichols 


1142 


573 


977 


DSL 


1233 


707 


O/ O 


INCSTAR 


725 


354 

V/ W I 




EXP(1-7) 


860 


383 


158 


EXP(7-84) 


680 


343 

V TV/ 


1^8 


Pat. ID# 


48 


48 1-2 




Nichols 


877 






DSL 


983 


54R 




INCSTAR 


593 


278 




EXP(1-7) 


613 


300 




EXP(7-84) 


533 


253 




Pat.lD# 


49 


49 1:2 




Nichols 


143 


67 




DSL 


143 


69 




INCSTAR 


107 


51 




EXP(1-7) 


102 


44 




EXP(7-84) 


104 


59 





% Recovery 
46 1:2 461:4 

100 97 



115 
98 
89 
101 



123 
88 
74 
93 



% Recovery 

48 1:2 

111 
111 
94 
98 
95 

% Recovery 

49 1:2 

94 
96 
95 
87 
112 
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PTH(7-84) Spikes into Patient Samples 



Nichols DSL INCSTAR EXP(7-84) 



1 


272 


217 


193 


238 


2 


515 


395 


296 


393 


3 


1262 


1168 


816 


1094 


4 


1720 


1623 


1059 


1693 



p< 0.0004 

INCSTAR Tracer is unique 
Nichols, DSL, and EXP (7-84) 
are not shown different 

PTHM-84) Spikes into Patient Samples 





Nichols 


DSL 


INCSTAR 


EXP(1-7) 


EXP(7-84) 


1 


175 


168 


175 


201 


182 


2 


188 


184 


222 


263 


218 


3 


696 


772 


620 


648 


615 


4 


1058 


1152 


1045 


1074 


988 



p= 0.45 

No Observed Difference 
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PTH Tracer Specificity. 





NSB 


1-84 


1-7 


1-34 


7-84 


13-34 


28-48 


44-68 


44-86 


53-84 


70-84 


INCSTAR; 


20 


5419 


40 


1452 


3643 


3294 


8 


0 


12 


14 


19 


DSL 


559 


11627 


415 


5585 


8922 


6916 


556 


364 


424 


319 


278 


Nichols 


195 


2982 


139 


968 


2606 


2136 


153 


138 


139 


220 


142 




Yes is a signal 2 SD above Background 

1-84 1-7 1-34 7-84 13-34 28-48 44-68 44-86 53-84 70-84 




INCSTAR 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


No 


No 


No 


No 




DSL 


Yes 


No 


Yes 


Yes 


Yes 


No 


No 


No 


No 


No 




Nichols 


Yes 


No 


Yes 


Yes 


Yes 


No 


No 


No 


No 


No 
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Values from two separate assays confirming differences 
in (7-84) Spiked serum values between Nichols and INCSTAR 



FRAGMENT(7-84) SPIKES (pg/mL) 



Target Value* 
Assay 1 1500 
1000 
500 

Assay 2 1000 
400 
250 

•-Value 



INCSTAR 


Nichols 




Assay 


Assay 


DIFFERENCE 


511 


774 


-262 


366 


577 


-211 


220 


346 


-125 


220 


520 


-300 


167 


374 


-207 


114 


245 


-131 



based on assumption of 100% purity and quantitative transfer in dilution 



MEAN= 
Variance= 
Standard Error= 
t= 
P- 



-206.0 
4835.4 
28.39 
7.26 
0.00078 



Significant difference 
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Comparison of (1-84) Spiked serum values and controls 

between Nichols and INCSTAR 



INTACT (1-84) (pg/mLi 



Scrum SnikpQ *»»«el*% a 


INCSTAR 


Nichols 


2805 


2883 


spike 2 


1617 


1712 


s>piKe i uiiuted 1:1D 


273 


236 


spike 2 Diluted 1:10 


157 


I •JC. 


spike 3 


1656 


1589 


spike 4 


1740 


1724 


spike 3 Diluted 1:10 


183 


212 


spike 4 Diluted 1:10 


164 


190 
31 


Kit Controls 


36 


NK 


265 


214 


(INC)L1 


33 


34 


(INC)L2 


415 


330 


(INC)L1 


49 


41 


(INC)L2 


447 


426 



MEAN of Ln*= 
Standard Error of Ln*= 
t*= 



P*= 



DIFFERENCE 

-77 
-95 
37 
5 

67 

16 
-29 
-26 

6 
51 

-1 
85 

8 
21 



0.0456 
0.0330 

1.38 
0.1896 

NOT a significant difference 

" "SSSr^Sr r 6 ^ 109 transformed ™s transformation is 
necessary due to the large range the data It reduces the chances for enor. 
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Patient Sample Comparison 





Nichols 


DSL 


INCSTAR 


EXP(1-7) 


EXP(7-* 


1 


196 


197 


170 


195 


163 


2 


17 


8 


15 


20 


14 


3 


920 


943 


580 


568 


478 


4 


176 


144 


161 


220 


148 


5 


17 


11 


12 


15 


15 


6 


375 


540 


366 


542 


341 


7 


66 


75 


51 


60 


60 


8 


28 


25 


26 


26 




9 


50 


59 


35 


34 


38 


10 


89 


104 


80 


79 


75 


11 


1043 


1160 


825 


988 


831 


12 




0 


6 




13 


166 


209 


126 


126 


117 


14 


78 


99 


69 


115 


68 


15 


31 


35 


28 


32 


31 


16 


17 


11 


17 






17 


930 


959 


552 


588 


473 


18 


202 


192 


166 


174 


172 


20 


143 


159 


0 


141 


92 


21 


121 


120 


69 


63 


72 


22 


773 


850 


498 


604 


523 


23 


34 


27 


24 


28 


23 


24 


104 


105 


84 


85 


79 


25 


11 


7 


12 


12 


11 


26 


293 


316 


211 


194 


186 


27 


105 


135 


87 


81 


86 


28 


473 


495 


353 


380 


370 


29 


28 


22 




27 


24 


30 


74 


94 


71 


70 


62 


31 


69 


88 


59 


48 


55 


32 


892 


1000 


677 


787 


651 


33 


14 


6 


13 




18 


34 


648 


629 


575 


526 


544 


35 


2043 


2476 


1942 


2230 


1904 


46 


1142 


1233 


725 


860 


680 


47 


31 


29 


31 




31 


48 


877 


983 


593 


613 


533 


49 


143 


143 


107 


102 


104 


50 


49 


42 


33 


31 


35 



0.0001 



Significantly Different Groups 
There are two sharp, well separated groups, by Tuke/s test 



Group 1 

Nichols 
DSL 



Group 2 

INCSTAR 

EXP(1-7) 

EXP(7-84) 



renal failure 
kidney stones 
renal failure/hyperPTH 
n/a 

renal failure 

renal failure 

renal failure 

renal failure 

renal failure 

renal failure 

renal failure 

renal failure 

bone disease 

renal failure 

renal failure 

kidney stones 

renal failure/hyperPTH 

renal failure 

renal failure 

renal failure 

renal failure/hyperPTH 

renal failure 

renal failure 

renal failure 

renal failure 

renal failure 

renal failure 

n/a 

renal failure 

renal failure 

renal failure/hyperPTH 

renal failure 

renal failure 

renal failure/hyperPTH 

renal failure/hyperPTH 

kidney stones 

renal failure/hyperPTH 

renal failure 

renal failure 
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CONCLUSIONS 

In the Nichols Allegro™ Intact PTH, DSL Active™ PTH 
and INCSTAR N-tact® PTHSP equivalence of values 
for samples with clearly defined 1-84 was validated 
using spikes throughout the standard range, and 
dilutions to verify values. There is no significant 
difference for PTH(l-84) values between the three kits 
(p = 0.45). Values for renal samples show a significant 
difference between the INCSTAR Assay and the other 
two kits (Nichols and DSL) which report up to twice the 
INCSTAR value (p < 0.0001). PTH (7-84) 
immunoreactivity was the same for the Nichols, DSL, 
and one experimental INCSTAR tracer. Two differently 
purified tracers from INCSTAR with significantly 
different PTH(7-84) immunoreactivity did not report 
different values for renal samples, so PTH(7-84) 
immunoreactivity itself does not elucidate non-(l-84) 
PTH immunoreactivity. These results suggest that the 
differences between INCSTAR assay values and the 
other two kits (Nichols and DSL) is the differing levels 
of cross-reactivity to fragments present in renal samples, 
likely of parathyroid gland origin. Based on specificities 
of each tracer, the N-termini of the fragment(s) reside 
inside the PTH (7-28) region, and likely end in the PTH 
(13-28) region. If these data are confirmed in 
sequencing the fragment, it would not have PTH- 
receptor mediated biological activity. 
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Materials and Methods 

Assaying of Spiked samples and patient 
samples: 

Respective assay protocols were followed for the collection 
f o ™ PTH(l-84) and PTH(7-84) were purchased 
from BACHEM. The serum matrix used to spike into was 
low pH stripped, charcoal stripped, defibrinated, 
dehpidated normal serum. The peptides were dissolved in 
5/o acetic acid, and serially diluted in the serum matrix to 
target values within each assays standard range The 
spikes were targeted to values based on weight on the vial 
label, and the entire contents were dissolved with no 
quantitative assessment of a concentration. All samples 
were assayed side by side in each kit. The neat value for 
the serum matrix without spiking was 0.0 pg/mL in both 
assays. Both Nichols and INCSTAR kit controls were 
assayed in each others kits and reported as (1-84) spikes. 

Peptide Coated Wells for the Specificity 
Screen: 

(modified from Ball et. al. » J. Imm. Meth 171(1994) 37-44) 
Briefly: Poly Lys.Tyr (1:1) is coated in PBS to microliter 
p ates, washed, then the Lys amines are activated with 
glutaraldehyde. The plates are washed again, and peptides are 
added to specific wells and left to conjugate over night. The 
Sniff bases are reduced to primary amines with sodium 
cyanoborohydride, then the wells are blocked to prevent NSB 
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AUesco- imaci ™ assay to ^^^Syroidism yielded values 1.4 times 

samples from patients -ith uretruc or pnmary W«P ^ ^ SKCSTAR assay, 
higher, and 1.2 times higher • n*P^*ftj " ^^^Ly - *™ ** 
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ABSTRACT 

The N-terminus of the PTH molecule is required for PTH 
receptor interaction. It has been shown that cleavage of three amino 
acids from the N-terminus will inactivate PTH activity in vivo. 
Specificity is an advantage of a two antibody assay format of an IRMA. 
An N-terminal truncated circulating inhibitor to PTH has been 
hypothesized, but not found. Both the INCSTAR Intact PTHSP™ 
assay and the Nichols Allegro™ Intact PTH claim to be specific for the 
intact molecule. In a comparison between the two kits, patients with 
renal failure were assayed. The results showed that the Nichols assay 
results to be an average of 1.52 times the INCSTAR assay value (n = 
14). Intact 1-84 PTH was spiked into clarified human serum and 
assayed in both kits. The results showed that the Nichols assay results 
to be an average of 1 .07 times the INCSTAR assay value (n = 12). 

Both assay tracers are directed to the N-terminal region of the 
intact PTH molecule, To compare specificity of the two assay tracers, 
we used a (7-84) C-terminal fragment. While not a defined byproduct 
of PTH metabolism in vivo, it could provide insight to the degree the 
population of antibodies in the tracer are directed to the N-terminus. 
Based on weight, target levels of 1500, 1000, and 500 pg/ml (7-84) 
PTH C-terminal fragment were spiked into clarified human serum, the 
Nichols assay had values of 520, 374, and 245 pg/ml, respectively. The 
INCSTAR assay had values of 220, 167, and 114 pg/ml, respectively. 
This showed that the Nichols results to be an average of 2.25 times the 
INCSTAR assay value (n = 14). 

The INCSTAR tracer was substituted into the Nichols assay and 
the (7-84) PTH spiked serum samples were assayed, with the hybrid 
assay reporting 258, 191, and 121 pg/ml, respectively. This suggests 
that the INCSTAR tracer gives the INCSTAR assay greater specificity 
for the intact PTH molecule than the Nichols assay. These results also 
suggest the presence of a C-terminal fragment of PTH in renal samples 
that has not been currently identified. 
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INTRODUCTION 

f R T ^L\ A h3S ^ rep0rted ** there is a non-(l-84) molecular 
form of PTH found in normals and renal samples that is 
immunoreactive in the Nichols Allegro™ Intact PTH assay (Brossard et 
f Ptoc. Lit Conp. Kndo, VoP, O R60-5). The PTH molecule is 
degraded m the parathyroid gland itself and also in the liver The 
breakdown products don't have most of the N-terminal 27 amino acids 
and lack hypercalcemic, hypocalciuric, and phosphaturic activity 
These fragments have a considerable half-life and accumulate in 
circulation up to 20 times the concentration of the intact hormone 
fheir presence makes the immunologic assessment of the biologically 
active hormone difficult. y 
The hepatic fragments are generated when enzymes on the 
surface of Kupffer cells cleave the hormone in its 34-43 region These 

a rate d ^ent largely on the concentration 
of mtact PTH. The N-termmal fragment is at very low concentrations 
in serum, suggesting a quick and thorough removal from circulation 
Fragments generated in the parathyroid gland are truncated at both ends 
of the molecule. These fragments are not currently defined In 
hypercakemic patients of a non-parathyroid origin, the negative 
feedback mechanism will suppress PTH release to almost nothing, but 
the parathyroid gland will continue to release truncated fragments In 
patients that have nonparathyroid forms of hypercalcemia, these 
fragments have been detected by a carboxy- terminal RIA but the N- 
terminus was not defined. AH PTH fragments are removed from 
™u™^ y ^ ^ 03565 ° f ^ insuffic -ncy, fragments 

There appear to be differences in the values for renal samples 
among ; the Nichols Allegro™, DSL Active™, and INCSTAR N-tact® 
PrHSP assays. To explore these differences, PTH (1-84) and (7-84) 
immunoreactivity was validated between the assays. If PTH (1-84) 
equivalence is shown, renal sample differences will be significant. The 
results will be compared to reported non-(l-84) PTH immunoreactivity 



Dilution Linearity Validation 



Pat ID# 46 

Nichols 1142 

DSL 1233 

INCSTAR 725 

EXP(1-7) 860 

EXP(7-84) 680 



46 1:2 461:4 

573 277 



707 
354 
383 
343 



378 
159 
158 
158 



% Recovery 
46 1:2 461:4 

100 97 
115 123 
98 88 
89 74 

101 93 



Pat ID# 
Nichols 

DSL 
INCSTAR 
EXP(1-7) 
EXP(7-84) 



48 

877 
983 
593 
613 
533 



48 1:2 

485 
546 
278 
300 
253 



% Recovery 
48 1:2 

111 

111 

94 

98 

95 



Pat ID# 
Nichols 

DSL 
INCSTAR 
EXP(1-7) 
EXP(7-84) 



49 

143 
143 
107 
102 
104 



49 1:2 

67 
69 
51 
44 
59 



% Recovery 
49 1:2 

94 
96 
95 
87 
112 
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PTW7-84) S pikes into Patient Samp les 

Nichols DSL INCSTAR EXP(7-84) 

1 272 217 193 238 

2 515 395 296 393 

3 1262 1168 816 1094 

4 1720 1623 1059 1693 

/X 0 0004 

INCSTAR Tracer is unique 
Nichols, DSL, and EXP (7-84) 
are not shown different 

PTH(1-84) Spi kes into Patient Samples 

Nichols DSL INCSTAR EXP(1-7) EXP(7-84) 

1 175 168 175 201 182 

2 188 184 222 263 218 

3 696 772 620 648 615 

4 1058 1152 1045 1074 988 



No Observed Difference 



0.45 
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PTH Tracer Specificity. 



INCSTAR 



DSL 
Nichols 



T I ™ ■ 1 ' 7 l 1 - 34 , 7 - 84 , 13 ^ 4 28 ^ jjjg » 84 7H4 



5419 



40 



415 
139 



1452 3643 [ 3294 I 8 



5585 



968 



8922 



2606 



6916 



2136 



556 



153 



364 



138 



12 



424 



139 



14 



319 



220 



INCSTARl 



DSL 
Nichols 



Yes is a signal 2 SD above Background 

1-84 1 ~ 7 1-34 7-84 13-34 28-48 44-68 44-SS 53-84 



Yes 
Yes 
Yes 



Yes 
No 
No 



Yes 
Yes 
Yes 



Yes Yes 



Yes 



Yes Yes 



Yes 



No 
No 
No 



No 
No 
No 



70-84 



No 
No 
No 



No 
No 
No 



No 
No 
No 



142 
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Values from two separate assays confirming differences 
in (7-84) Spiked serum values between Nichols and INCSTAR 



FRAGMENT(7-84) SPIKES (pg/mL) 





INCSTAR 


Nichols 




Target Value* 


Assay 


Assay 


DIFFERENCE 


Assay 1 1500 


511 


774 


-262 


1000 


366 


577 


-211 


500 


220 


346 


-125 


Assay 2 1000 


220 


520 


-300 


400 


167 


374 


-207 


250 


114 


245 


-131 



* - Value based on assumption of 100% purity and quantitative transfer in dilution 

-206.0 

4835.4 
28.39 
7.26 

0.00078 Significant difference 



MEAN 5 
Yariance= 
Standard Error= 
f= 
P= 
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Comparison of (1-84) Spiked serum values and controls 

between Nichols and INCSTAR 



INTACT (1-84) (pg/mL) 




Serum Spikes spike 1 

spike 2 
spike 1 Diluted 1:10 
spike 2 Diluted 1:10 
spike 3 
spike 4 
spike 3 Diluted 1:10 

spike 4 Diluted 1:10 
Kit Controls N j 

NK 
(INC)L1 
(INC)L2 
(INC)L1 
(INC)L2 



MEAN of Ln*= 0.0456 
Standard Error of Ln*= 0.0330 
<*= 1.38 
P*= 0.1896 
NOT a significant difference 

"n^^fjT ? 6 ^ 109 transfonTied data " Th« transformation is 
necessary due to the iarge range the data It reduces the chances for error. 
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Patient Sample Comparison 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

46 

47 

48 

49 

50 



Nichols 
196 
17 
920 
176 
17 
375 
66 
28 
50 
89 
1043 

166 
78 
31 
17 

930 

202 

143 

121 

773 

34 

104 

11 

293 

105 

473 

28 

74 

69 
892 

14 
648 
2043 
1142 

31 
877 
143 
49 



DSL 
197 
8 
943 
144 

11 
540 
75 
25 
59 
104 
1160 

0 
209 
99 
35 
11 
959 
192 
159 
120 
850 
27 
105 
7 
316 
135 
495 
22 
94 
88 
1000 

6 
629 
2476 
1233 
29 
983 
143 
42 



INCSTAR 

170 
15 
580 
161 
12 
366 
51 
26 
35 
80 
825 
6 

126 

69 

28 

17 
552 
166 

0 
69 
498 
24 
84 
12 
211 
87 
353 

71 

59 
677 

13 
575 
1942 
725 
31 
593 
107 
33 

P< 



EXP(1-7) EXP(7-84) 



195 


163 


renal failure 


20 


14 


kidney stones 


568 


478 


renal failure/hyperPTH 


220 


148 


n/a 


15 


15 


renal failure 


542 


341 


renal failure 


60 


60 


renal failure 


26 




renal failure 


34 


38 


renal failure 


79 


75 


renal failure 


988 


831 


renal failure 






renal failure 


126 


117 


bone disease 


115 


68 


renal failure 


32 


31 


renal failure 



588 
174 
141 
63 
604 
28 
85 
12 
194 
81 
380 
27 
70 
48 
787 

526 
2230 
860 

613 
102 
31 

0.0001 



Significantly Different Groups 
There are two sharp, well separated groups, by Tuke/s test 



kidney stones 
473 renal failure/hyperPTH 
172 renal failure 

92 renal failure 

72 renal failure 

523 renal failure/hyperPTH 

23 renal failure 
79 renal failure 
11 renal failure 
186 renal failure 
86 renal failure 
370 renal failure 

24 n/a 

62 renal failure 

55 renal failure 

651 renal failure/hyperPTH 

18 renal failure 

544 renal failure 

1 904 renal failure/hyperPTH 

680 renal failure/hyperPTH 

31 kidney stones 

533 renal failure/hyperPTH 

104 renal failure 

35 renal failure 



Group 1 

Nichols 
DSL 



Group 2 

INCSTAR 

EXP(1-7) 

EXP(7-84) 
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CONCLUSIONS 

In the Nichols Allegro™ Intact PTH, DSL Active™ PTH 
and INCSTAR N-tact @ PTHSF equivalence of values 
tor samples with clearly defined 1=84 was validated 
using spikes throughout the standard range and 
diktions to verify values. There is no significant 
difference for PTH(l~g4) values between the three kits 
(p - 0.45). Values for renal samples show a significant 
difference between the - INCSTAR Assay and the other 
two kits (Nichols and DSL) which report up to twice the 
INCSTAR value (p < 0.0001). PTH (7-84) 
mimunoreactivity was the same for the Nichols DSL 
and one experimental INCSTAR tracer. Two differently 
purified tracers from INCSTAR with significantly 
different PTH(7-84) immunoreactivity did not report 
different values for renal samples, so PTH(7-84) 
immunoreactivity itself does not elucidate non-(l-84) 
PTO immunoreactivity. These results suggest that the 
differences between INCSTAR assay values and the 
other two kits (Nichols and DSL) is the differing , levels 
of cross-reactivity to fragments present in renal samples 
likely of parathyroid gland origin. Based on specificities 
of each tracer, the N-termini of the fragment(s) reside 
inside the PTH (7-28) region, and likely end in the PTH 
(13-28) region. If these data are confirmed in 
sequencing the fragment, it would not have PTH- 
receptor mediated biological activity. 
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Materials and Methods 

Assaying of Spiked samples and patient 
samples: 

Respective assay protocols were followed for the collection 
of data. The PTH(l-84) and PTH(7-84) were purchased 
from BACHEM. The serum matrix used to spike into was 
low pH stripped, charcoal stripped, defibrinated, 
delipidated normal serum. The peptides were dissolved in 
5% acetic acid, and serially diluted in the serum matrix to 
target values within each assays standard range. The 
spikes were targeted to values based on weight on the vial 
label, and the entire contents were dissolved with no 
quantitative assessment of a concentration. All samples 
were assayed side by side in each kit. The neat value for 
the serum matrix without spiking was 0.0 pg/mL in both 
assays. Both Nichols and INCSTAR kit controls were 
assayed in each others kits and reported as (1-84) spikes. 

Peptide Coated Wells for the Specificity 
Screen: 

(modified from Ball et. aL J.Imm.Meth. 171(1994) 37-44) 
Briefly: Poly LysrTyr (1:1) is coated in PBS to microliter 
plates, washed, then the Lys amines are activated with 
glutaraldehyde. The plates are washed again, and peptides are 
added to specific wells and left to conjugate over night. The 
Shiff bases are reduced to primary amines with sodium 
cyanoborohydride, then the wells are blocked to prevent NSB. 
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Development of a Novel Immunoradiometric- Assay . 
. Exclusively for Biologically Active Whole Parathyroid 
Hormone 1-84: Implications for Improvement of Accurate 
Assessment of Parathyroid Function 

PING GAO, 1 STEPHEN SCHEJBEL, 1 PIERRE D'AMOUR, 2 MARKUS R. JOHN, 3 SUDHAKER D. RAO, 4 
HEINRICH SCHMIDT-GAYK, 5 and THOMAS L. CANTOR 1 



ABSTRACT 

We developed a novel imBnunoradiometric assay (IRMA; whole parathyroid hormone |PTHJ IRMA) for PTH, 
which specificalBy measures btoiogicaRly active whoBe PTH(B-84). The assay is based on a solid phase coated 
with antihPTIHI(39-84) antibody, a tracer of IS9 I4abeM antibody with a unique specificity to the first! 
N-terminal amino acid of PTH(l-84), and calibrators of diluted synthetic PTH(fl-84). In contrast to the NichoRs 
intact PTH IRMA, this new assay does mot detect DTH(7-84) fragments and only detects one SmmunoireflcttBve 
peak in chromatographocally fractionated patient samples. The assay was shown to have on oroaDytficoD 
sensitivity of 1.0 pg/M with a linear measurement range up to 2300 pg/nni With this assay, we further 
identified that the previously described bob^1-84)JPTIHI fragments are aminofiermSnalDy truncated with similar 
hydrophobicity as PTII(7-84)» and these PTH fragments are present not only in patients with secondary 
hyperparathyroidism (2°-HPT) of uremia, butt also in patients, with primary hyperparathyroidism (lf-HCT) 
and normal persons. The pHasma normal range of the wholi FTTH(I-84) was 7-36 pg/mB (mean ± SB: 22.7 * 
7.2 pg/mt, n = 135), whereas over 93.9% (155/5 65) of patients with f-HPT had whole PTH(l-84) values above 
the normaS cut-offf. The percentage of bioBogicaily active whoBe PTH(i-84) (pB%) in the pool of total 
immunoreactive tt 5ntact w PTH is higher on the normaB population (median: 673%; SIB: 25.8%; n = 56) than 
in uremic patients (median:53^%; SB>: 115.5%; n - 3J8; p < 0.001), aBtbough the whole PTH(l-84) values 
from uremic patients displayed a more significant heterogeneous distribution when compared with that of 
J°-HPT patients and normals. Moreover, the pB% displayed a nearDy Garossiaro distribution patttcro from 20% 
to over 90% in patents with either E°-HIPT or uremia. The specificity of this newly developed whole PTH(H-84) 
IRMA is the assurance, for the first time, of being able to measure only the biologkaliy active whole PTlH(fl-84) 
without cross-reaction to the high concentrations of the amiBotterminally truncated PTM firagmnents found fin 
both normaB subjects and patients. Because of the significant variations of pB% In" patients, U h necessary to 
use the whole PTH assay to determine biologkalty active PTH levels cIonicalBy and, thus, to avoid overesti- 
mating the concentration of the true biologically active hormone. Th5$ new assay could provide a more 
meaningful standardization of future PTH measurements with improved accuracy in the clinical assessment 
of parathyroid function. (J Bone Miner Res 2008;16:605-614) 

Key words: parathyroid hormone, immunoassay, hyperparathyroidism, uremia, parathyroid hormone 
fragment 
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INTRODUCTION 



HPHE invent*)* and evolution of immunoassays treasuring 
JL human parathyroid hormone (PTH; parathyrin) has pro- 
VKfcd us with a better understanding of the biological^, 
bwherrucal nature of the polypeptide hormone and a better 
tool for the cluneal diagnosis and monitoring of the diseases 
related to primary hyperparathyroidism (I'-HPT), secondary 
hyperthyroidism (2 -HPT), and hypothyroidism"-" 
Circulanng PTH is imrmmochemically heterogeneous and the 
mKlregKmaVC-termmal PTH fragments are known to be sig! 
nificantly accumulated in some disease conditions, for exant 
t'^Z ^ fai,Ure - ^ competiuvn^unoa^ 
f Z Tt^TL 3 ° fdiffere "< fragments as well as 

*e whole biotogicalry active PTH(l-84); hence, these assays 
have not accurately assessed the level of circulating biologi- 
eal^act,ve hormone and the function of the parathyroid 
glands. Because the whole or complete molecule of PTH0-84) 
is the major circulating form of the serum biologically active 

™T' ^ ^ C3paWe ° f bincfin 8 *« activating the 
PTH-I receptor on kidney and bone, the primary goal of 
developing and using intact PTH sandwich assays was to 
measure biologically active PTH(l-84) exclusively « 3> 

Since 198?, commercially available "intact" PTH assays 
have greatly increased assay sensitivity and simplified the 
assay procedures for PTH measurement However, the clin- 
^1 use of these intact PTH assays is still fraught with 
challenges. For example, intact PTH levels frequently over- 
estimate the presence and severity of parathyroid-mediated 
osseous abnormalities in uremic patients/ 7 -') |„ addition, 
intwiaboratory discordances of PTH values arose when 
^ ""f! f™ J* from «finerent manufacturers were 
useAOne of the explanations could be that different irairid 
wtfood.es with different specificities are used to form the 

^vlZ ,r? y , maCt J"™ lnd « d - ««* have 
revealed that there are circulating non-(l-84) PTH frag- 
ments that interfere significantly with intact PTH measure- 

SSte? fr r ' COn,mereia ' »»»» ™ ««* Pa- 

k °T ° f ! heSC StUdi " -Bh-Performance 
liquid chromatography (HFLC) and different intact PTH 

,^ S . ha f^" d tha « more 30% of total immunoreac- 
ttve mtact PTH ,s comprised of non-(l-84) PTH fragments 
in this group of patients. Therefore, those intact PTH assays 
are not tn% mtact specific and still measure a mixture of the 
^f^ y .f C " VC "hole PTH(l-84) and large PTH frag- 
JE£J 5? W S,m,,ar Mrophobkity as synthetic PTH- 

It is our opinion that an optimal immunoassay for PTH 
should measure only the clinically significant, biologically 
active form of PTH. which is capawfof binding to dre 6 
protein-hnlced PTH receptors.'" ' » which initiates signal 
transductjons in the intracellular biochemical process result- 

teZ^ "StuT? Ca,cium me,abolism - « addition to 
its specificity."" ") mis optimal PTH assay should be sen- 
sitmvto allow diagnosis of hyperparathyroidism" 6 -"); easy 
to perform; and of high /fcrformance in assay characteris- 

rPTOftoii } ,mmUn0rad,0me,nc ***** (»RMA) using 
!/ 2L * re 8'on-specific polyclonal capture antibody 
and a PTH(M) highly specific polyclonal label Jbooy 



GAO ET AIL, 

With these antibodies, this assay is restricted to measure 
only the authentic whole PTH(l-84) without any cross- 
reaction with the high levels of non-<l-84> PTH fragments 
found in patient samples. Clinical studies have shown that 
this specific whole PTH(t-84) assay unexpectedly provides 
m unique tool for the diagnosis of patients with parathyroid 

t!^i Studks Wi * this new who, e PTH IRMA and 
HPLC fractionated clinical samples, we clearly show thai 
previously described non-{]-84) PTH fragment, are amino- 
termmalfy truncated polypeptides and these PTH fragments 
are significantly present not only in uremic patients but also 
m patients with P-HPT and normal persons. Moreover we 
further show that the ratio of full-length PTH(l-84) to 
aminoterminally truncated PTH fragments is significantly 
variable from patient to patient with HPT. 



MATERIALS AND METHODS 
Chemicals and reagents 

Most chemicals were of reagent grade and were purchased 
from Sigma (St Louis, MO. USA). Synthetic PTH(l-84) was 
from Peninsula Laboratories, Inc. (Belmont, CA, USA). Syn- 
dic peptides of PTH(7-84X PTH(44-68). PTH(53-84X and 
PTH(39-84) were purchased from Bachcm (Torrance. CA. 
USAX rryr34JPTH(l-34)amide {PTH(l-34)}, [Tyr34JFT^ 
34*mide {PTH(2-34)}, py^JFTlW&te { PTHf> 
^L^St 34 ^ f 1 ™^)}. iTyr34JPTH- 
^Z JH^?± h and rryr34JPTHrP(l-34>mide 
(ft HrP(l-34)} fragments were synthesized by the Massachu- 
setts General Hospital Polymer Core Facility (Boston, MA. 
USAX Cyanogen bromide-activated Sepharose 4B was pur- 
chased from Pharmacia (Uppsala, Sweden). One liter of 001 
Pnosphaterbtfflered saline (PBS; pH 7.4) contained 0.23 g 
sodium dihydrogen phosphate. 1.2 g disodium hydrogen phos- 
phate, and 8.5 g sodium chloride: One liter 0.1 M glycine 
hydrochloride buffer (pH 2.5) contained 8.76 g sodium chlo- 
ride. Assay wash buffer was 0.01 M PBS (pH 7.4) with 0.01% 
Tnton X-100. Nichols intact PTH IRMA kit was purchased 
from Nichols Institute Diagnostics (San Juan Capistrano, CA, 

Standards and controls for the whole PTH IRMA were 
prepared by adding synthetic PTH(l-84) to a normal human 
serum that did not show any detectable PTH level with the 
intact PTH assay. ITie concentrations of the standard set 
were 0, 10, 16, 46, 165. 700, and 2300 pg/ml. All standards 
flo^ 0mroIs Were lyophilized, and stored at 

Goat anti-PTH(39-84) polyclonal antibody coated onto 
5/16-in polystyrene beads (Hoover Precision Products, 
Sault Ste. Marie, Ml, USA) were used as the solid phase 
The antibody was prepared by affinity purification. Briefly 
synthetic PTH(39-S4) peptide was conjugated covaleotly to 
Sepharose 4B gel using the manufacturer's suggested pro- 
cedures by mixing the gel with the peptide at room temper- 
ature for 16 h. The peptide-bound Sepharose 4B gel was 
transferred to a chromatography column and the packed 
column was washed and equilibrated with 0.01 M PBS 
Goat anti-PTH(39-84) antiserum was loaded onto the col- 
umn. Unbound protein and other matrix components were 
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washed away using 0.01 M PBS and the specific goat 
anti-PTH(39-84) polyclonal antibody was eluted with 0.1 M 
glycine hydrochloride buffer. The eluted polyclonal anti- 
body was neutralized and stored at 2-8°C. The purified goat 
anti-PTH(39-84) polyclonal antibody was attached physi- 
cally onto the surface of the polystyrene beads by means of 
passive absorption.' 5 -' 8 * The beads were blocked by Scan- 
coat (Scantibodies Laboratory, Santee, CA, USA) and fi- 
nally dried at room temperature. These antibody-coated 
beads were ihen stored at 2-8°C and were ready for assay 
use. 

! 25 I-PTH(M) region-specific polyclonal antibody was 
used as the assay signal antibody. This antibody also was 
affinity-purified by the same procedure as described previ- 
ously. The chloramine T method was used for the iodination 
of this most N-termina) PTH-specific antibody. A PD-10 
column was used for the separation of the '"l-labeled 
antibody from the free iodine. Selected fractions of labeled 
antibody were pooled and diluted using 0.01 M sodium 
phosphate- based buffer approximately to 300,000 disinte- 
grations per minute (dpm) per 100 fd. This solution was the 
final tracer to be used in the whole PTH IRMA. 

IRMA for whole PTH(l-84) 

A single incubation step IRMA specific for the whole 
PTH(l-84) was developed and optimized with the previ- 
ously mentioned assay reagents. Briefly, 200 /il of assay 
standards, controls, and patient samples were pipetted into 
appropriately labeled 12 mm X 75 mm polypropylene test 
tubes. One hundred microliters of ,23 I-labeled PTH(M)- 
specific antibody tracer solution and one goat anti-PTH(39- 
84) polyclonal antibody- coated bead were added to all test 
tubes. The immunochemical reaction was conducted at 
room temperature with shaking at 170 rpm for 18-22 h. 
During this assay incubation period, the immunochemical 
reaction forming the sandwich of (solid-phase goat anti- 
PTH(39-84) antibody)-{ whole PTH(l-84))-{ ,25 !-goat 
anti-PTH(M) antibody) takes place in correlation with the 
amount or concentration of whole PTH(U84) in the test 
sample. All beads in the test tubes except the total count 
tube were washed with the wash solution, and the radioac- 
tive signals from each bead were counted for 1 minute using 
a gamma scintillation counter (ISO-Data, Palatine, IL, 
USA). The data were processed and calculated using non- 
linear regression data reduction software. 

Chromatographic separations 

Sep-Pak Plus C, 8 cartridges (Waters Chromatographic 
Division, Milford, MA, USA) were used for the extraction 
of PTH from serum samples derived from single individuals 
or pools from up to 10 individuals among uremic patients, 
1°-HPT patients, and normal persons. One cartridge was 
used for each 3 ml of serum and extracted volumes varied 
between 12 and 25 ml depending on the PTH concentra- 
tion. 0 9) The eluted samples from the cartridges were first 
evaporated with nitrogen and then the residual volume was 
frceze-dried. All extracted samples were then reconstituted 
with 2 ml of 0.1% trifluoroacetic acid and chromatographed 



on a C, 0 ji-Bondapak analytical column (3.8 X 200 mm; 
Waters Chromatographic Division) using a noncontinuous 
linear gradient of acetonitrile (15-50% in 1.0 g/liter triflu- 
oroacetic acid). After evaporation and freeze-drying, each 
1.5-ml fraction was reconstituted to I ml with 0.7% bovine 
serum albumin (BSA) in H 2 0. Both the whole PTH IRMA 
and the Nichols PTH IRMA were used to determine the 
PTH values in each fractionated sample. The recovery of 
intact PTH throughout all these procedures was 109 ± 10% 
in normal individuals, 70 ± 14% in renal failure patients, 
and 108 ± 4% in 1°«HPT. 

Samples 

One hundred and thirty-five normal human EDTA- 
plasma and serum samples were obtained from healthy 
laboratory staff members or donors, with an age ranging 
from 20 to 62 years (mean ± SD: 42 ± 12.6 years). Three 
hundred and eighteen patient samples of EDTA plasma 
(frozen/thawed once) were obtained from uremic patients 
with ongoing dialysis. The serum samples were collected 
and allowed to clot for approximately 30-40 minutes at 
room temperature and then centrifuged at 4°C. EDTA- 
plasma blood was collected into EDTA sample collection 
tubes (Becton Dickinson, Franklin Lakes, NJ, USA) and 
immediately centrifuged at 4^C. The separated EDTA 
plasma and serum samples were stored at -20°C until used. 
One hundred and sixty-five samples (III serum and 54 
EDTA-pIasma) from patients with surgically proven 1°- 
fiPT-were obtained from -70°C sample banks. 

A stability study of whole PTH(l-84) in clinical samples 
was conducted with EDTA plasma, heparinized plasma, and 
serum. All three types of samples were drawn from three 
blood donors at the same time. One of the individuals was 
a patient with 1°-HPT, the other two were normal persons. 
Samples from only one of the normal persons, who had an 
original whole PTH(l-84) value of 9 pg/ml, were spiked 
with synthetic PTH(l-84) to an approximate level of 100 
pg/ml. For this study the serum was obtained after routine 
blood clotting at room temperature for 30 minutes and 
centrifuged at 2-8°C for 10 minutes; for both EDTA- 
plasma and heparinized plasma the whole blood was placed 
immediately into an ice bath and centrifuged at 4°C. All 
samples were pooled, aliquoted at a 2-ml quantity, and 
incubated in 2-ml quantities at both room temperature and 
2-8°C for 0-72 h, and frozen at -20°C until measured. 

RESULTS. 

Performance characteristics of the whole PTH IRMA 

Calibration curve and precision: An IRMA for whole 
PTH(l-84) was developed and optimized using the assay 
procedure described previously. A typical whole PTH 
IRMA standard curve is shown in Fig. 1. The affinity- 
purified antibodies used in the assay, either as capture 
antibody or as l25 I-labeIed antibody, ensured the strong 
immunoreaction of antigen-antibody binding and low back- 
ground of 526 ± 86 cpm (mean ± SD) for six iodinations. 
The intra-Zinterassay precision was determined by assaying 
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FIG. I. A typical calibration curve obtained with the IRMA for 
whole PTH(l-84) as described in the Materials and Methods section. 
Data are expressed as means ± SD of triplicate measurements and are 
represented directly by the radioactivity (com X 1000). 



two control samples with whole PTH(l-M) concentrations 
of 32 pg/ml and 340 pg/ml cither by performing 60 replicate 
measurements in the same assay or in 40 different assays. 
The within-run variation was 6.1% and 23% and the 
between-run variation was 8.9% and 2.9%. No high-dose 
"hook" effect was observed after the addition to test sam- 
ples of synthetic PTH(l-84) up to 20,000 pg/ml. 

Analytical sensitivity: The assay detection limit was de- 
termined to be 1.0 pg/ml, which was the lowest measurable 
concentration of PTH value distinguishable from zero. It 
was determined by measuring the assay standard zero 22 
times m the same assay and the value corresponding to the 
counts of 2 times of SD above the mean of the zero stan- 
dard. This assay sensitivity was confirmed by validating 
with three independent production batches of the whole 
PTH reagents. 

Linearity and analytical recovery: Three patient serum 
samples with PTH concentrations over 60 pg/ml were di- 
luted 1:2, 1:4, and 1:8 with the assay zero standard. The 
percent recovery was determined after measurement of the 
diluted samples. Satisfactory assay linear recoveries of 93- 
1 12% were observed within the assay measurement range of 
1.0-2300 pg/ml, respectively. Sample spiking recovery was 
determined by adding two different amounts of PTH into 
three patient serum samples with known whole PTH(I-84) 
values. The percentage of sample spike recovery was cal- 
culated following the assay of the spiked samples in com- 
parison with the expected value. Recoveries from 99.3 to 
113% were observed. 

Analytical specificity and interference: Assay specificity 
to synthetic PTH (7-84) was studied by comparing this 
whole PTH IRMA with the Nichols intact PTH IRMA. 
Nearly 100% cross- reaction to this fragment was observed 
with the Nichols intact PJH assay, but no cross-reaction 
was detected with this newly developed whole PTH IRMA 
even at a PTH(7-84) concentration of 10,000 pg/ml (Fig. 2). 
The whole PTH IRMA also showed no cross-reaction to 
other PTH fragments, such as PTH(I-34), PTH (3 9-84), 
PTH(44-66). and PTH(53-84). 
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FIG. 2* Characterization of assay specificity for two PTH IRMAs 
[top, Nichols intact PTH IRMA; bottom, whole PTH IRMA; solid- 
circle, PTH(l-*4); open-circle, PTH(7-84)]. 



Evaluating the specificity of tracer antibodies 

The specificities of the two ,2S 1-Iabelcd antibodies from 
the Nichols intact PTH IRMA and this new whole PTH 
IRMA were compared Calibrators with a constant PTH(I- 
84) concentration of approximately 440 pg/ml were deter- 
mined by both assays with increasing amounts (from 0 to 
100,000 pg/ml) of coincubated aminoterminal PTH ana- 
logues. In the Nichols intact PTH IRMA, specific binding of 
,25 I-Iabeled tracer antibody to PTH(I-84) was reduced pro- 
gressively by increasing concentrations of PTH(l-34), 
PTH(2-34), PTH(3-34X PTH(4-34), and PTH(5-34). In the 
whole PTH IRMA, in contrast, the bound signal of l25 I- 
labeled antibody was only competitively inhibited by 
PTH(l-34). No binding reduction could be determined, by 
increasing concentrations of PTH(2-34), PTH(3-34), 
PTH(4-34), and PTH(5-34) (Fig. 3). Increasing concentra- 
tions of PTHrP(l-34) had no inhibitory effect on the ,35 I- 
labeled antibodies in both assays. 
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J^s^'rr sat: 
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84) a* I the second one to the immunoreac.ive PTH(l-84) 
whereas, only one major immunoreactive peak correspond- 
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The stability -of whole PTH(I-84) was studied as follow,- 
Senm ' P^nta, and hepari»«ed plasma; ^ 
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55?*^** «5% degradation) at 
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ofjour umes sanyle fteezeAhaw showed that boVh vzZ 
and EDTA plasma were relatively stable with a <5%de? 
crease in immunoreactivily. 

^«ok correlation and clinical evaluation 
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To study the correlation and difference between whole 
JTH(N84) and convent*™! intact PTH levels in normal 
Peraons. 56 nonnal human EDTA plasma samples were 
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p^.^ "^A" ^Pks had measurable whole 
PTHO-84) values. There were also measurable PTH values 
m aline™,, samples using the Nichols intact PTH IRMA. 

mT^fj^t ^Z^ n,easured * Nichols 
PTH IRMA were higher than the whole PTH(I-84) values 
(Table 2) reveahng an average of about 33% PTH fragments 
bemg ".measured with PTH(l-84) by imac. PTH assays 

PTH IRMAs (Fig. 6. bottom). The correlation of these two 
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pid 5. Sample stability for the whole PTH(i- 
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* groups of PTH values also was calculated (r = 0 921- 
slope = 1.456). 1 J> 

To ensure that this difference of PTH values was only 
caused by the specific antibody-antigen binding and not 
caused by differences in assay matrix or calibrators, differ- 
ent amounts of synthetic PTH(l-84) were spiked into sev- 
eral normal human sera with nondetectable PTH levels and 
measured with the previously mentioned two PTH assays. 
The result showed these two assays detect PTH(I-84) 
equally (r = 0.999; slope = 1.04; Fig. 6, top). 

Human PTH values from a sample group of 318 uremic 
patients with ongoing hemodialysis also were determined 
with these two assays. The results showed that the PTH 
values displayed a heterogeneous distribution pattern in 
normal, below-normal, and elevated levels using both as- 
says. The mean and median for the whole PTH(l-84) in this 
group also differed significantly from that obtained with the 
Nichols mtact PTH assay (p < 0.0001; paired Student's 
f-test; Table 2). Figure 7 shows the correlation comparison 
of these two assays in the uremic patient group (r = 0 977- 
slope - 1.482). Samples from 165 patients with surgically 
confirmed 1°-HPT with parathyroid adenomas also were 
measured using the whole PTH IRMA (mean ± SD" 
1 16.7 Z 129.6 pg/ml) and the Nichols intact PTH IRMA 
(mean ± SD: 200.3 ± 208.9 pgfcil). An effective differen- 
tiation of this patient group from normal persons was ob- 
served (Fig. 8). The overall clinical diagnostic sensitivity 



with a single sample PTH measurement was 9319%' (1 55/ 
165) using whole PTH IRMA and 91.5% (151/165) using 
Nichols intact PTH IRMA. 

The ratios of whole PTH to intact PTH or percentage of 
biologically active PTH(l-84) (pB%) to the total imrouno- 
reactive intact PTH were calculated for all 318 uremic 
patients and 165 IMiPT patients. The results display an 
almost Gaussian distribution pattern from 20% to >90% m 
both patient groups (Fig 9). This inconsistent pB% may be 
the result of variations in peripheral clearance of PTH or the 
glandular secretion of PTH(l-84) and its fragments.™ This 
finding further indicates that currently available intact PTH 
values could not assess accurately the parathyroid function 
of patients. 



DISCUSSION 

The present report describes for the first time an immu- 
no^y that measures only the biologically active whole 
PTH(l-84) without any cross-reactivity to PTH fragments, 
although current intact PTH immunoassays have been used 
and presumed to be specific for intact PTH for over 10 
years. One study evaluated serum intact PTH levels in 
conjunction with histological analyses of iliac crest bone 
biopsy specimens.™ It was found that serum intact PTH 
assays overestimate the presence and severity of PTH- 
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med.a«ed o^cous abnormalities associated with uremia. Al- 
though a, that nmc «he reason for this overestimate was 
not elucdated. „ migh, have been explained partially by this 
work in combination with recent studies.''"-' '•»»> |, has been 
shown that the commercially available intact PTH ™ 
m^ureboth PTH(.-84) ahd non-PTH(l-84) fragments £ 
are presen in significant concentrations in the blood of 
uremic patients- '»» Therefore, these intact PTH assays are 
not truly ,„,act PTH specific and the term "intact" is used 
inaccurately. useo 
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FIG. 7. A^ycomOaUon study of 165 i°-HPT sample (top) wd3 18 

!Tu^^J [bO0Om) ^ ** Nidlob intact FTH IRm and mc 
whole PTH IRMA. Paired Student', Mest was used focp valued 



The specificity studies of the tracer antibody show thai 
the ~w y developed anti-PTH(l-4) antibody is truly amino- 
termmal PTH specific. In fact, it is directed at the first 
ammo acid of the aminoterminal polypeptide (Fig. 31 «here- 

5r^"5 ^ * bind ,0 ^C' 34 ) «*" no« PTH(2-34X 
K3-34). K4-34), and -<5-34). By contrast, the tracer anti- 
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FIG. 8. Seaiierplot of whole PTH(l-$4) values in healthy controls 
• and various pal km groups. Shaded area indicates the plasma normal 
range (7-36 pg/m!) of whole PTH(l-84). The y axis is expressed by 
log; scale. The whole PTH levels of 10 1°-HPT patients were located 
in the upper normal range and the overall diagnostic sensitivity was 
93.9% (155/165). > 
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FIG. 9. Histogram showing the frequency distribution of the pB% in 
the pool of the total immunoreactive intact PTH value hi patients wish 
r-HPT (n = 165, top) and 2*-HPT (it = 318. bottom) of uremia. 



body used in Nichols intact PTH IRMA is broadly PTH(1- 
34) specific and, therefore, cross-reacts with PTH(2-34), 
-{3-34), -(4-34), and -(5-24). It is the specificity of the tracer 
antibody used in this new whole PTH assay that ensures that 
this unique assay only detects the full-length PTH(I-84) 
without cross-reaction to any aminotenninally truncated 
PTH fragments. In theory, this assay also could detect 
carboxy-tOTTunally slightly truncated PTH fragments, 
which should be the same for other intact PTH assays. 
Using the commercially available synthetic ammotermi- 
nally truncated PTH fragment, PTH(7-84) other intact PTH 
assays (Incstar, Diagnostic System Laboratory, Diagnostic 
Product Corp.) show variable cross-reactivity of 60-80% 
from assay to assay.* 22 * The whole PTH IRMA was thor- 
oughly designed and developed in a coated bead format and 
single incubation step. It is easy to perform and presents a 
clinically adequate measurement range of 1-2300 pg/ml 
with acceptable assay performance characteristics, includ- 
ing linearity, sample spiking recovery, and intra-Anterassay 
precision. r ~ 

The study of the chromatographrcally fractionated serum 
samples from normal population and patients with either 
1 °-HPT or 2°-HPT further shows that there are two forms of 
PTH or immunoreactive peaks detected by the Nichols 



intact PTH IRMA. The first immunoreactive peak corre- 
sponds to non-PTH(l-84) fragments migrating on HPLC to 
a similar position as PTH(7-84) and the second peak corre- 
sponds to the full-length PTH(l-84). (IO) However, when the 
same samples were measured with the whole PTH IRMA, 
only one immunoreactive peak was detected corresponding 
to the full-length PTH(l-84). Comparing the specificity of 
the antibodies used in these two assays, it is quite obvious 
that the non-PTH(!-84) corresponds to am iix> terminally 
truncated PTH fragments. Moreover, these HPLC fraction- 
ated patient sample measurements further show that these 
aminoterminally truncated polypeptides are present in sig- 
nificant amounts not only in uremic patients, but also in the 
normal population and in patients with l°-HPT (Fig. 4; 
Table 1). The exact molecular structure- of these PTH frag- 
ments should be further determined by isolating and ana- 
lyzing their amino acid sequences using pools of patient 
serum samples. 

The correlation study of whole PTH IRMA to Nichols 
intact PTH IRMA from samples that contain only synthetic 
PTH(l-84) indicates that the two assays are nearly equiva- 
lent in their detection of PTH(l-84) (Fig. 6, top). However, 
when clinical samples from a normal population group and 
patients with l°-HPT or 2°-HPT were used for the study, 
significant differences with higher intact than whole in the 
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absolute PTH values were found {p < 0.0001, paired Mest) 
in all three groups (Figs. 6 and 7; Table 2). 

The clinical significance of this newly developed whole 
PTH IRMA was shown in three population groups. The 
normal range of whole PTH(l-84) was 7-36 pg/ml for 
samples of EDTA plasma. Samples of EDTA plasma are 
preferred for whole PTH measurement because the hormone 
appears to be more stable in EDTA plasma than in the 
serum (Fig. 5). There is an unexpected distinction in whole 
PTH(l-84) levels of patients with 1°-HPT from the normal 
population with an overall diagnostic sensitivity of 93.9% 
(n - 165) in this study. A diagnostic sensitivity of 91% also 
was found with Nichols intact PTH IRMA in this study. 
However, Kao et al. 123 ' evaluated 361 patients with surgi- 
cally proven l°-HPT in whom intact PTH had been deter- 
mined with an immunochemiluminomctric assay and found 
45 patients to have an intact PTH value below the upper 
limit of normal. Endres et al. (2o) also reported that only 21 
of 29 cases of T-HPT had values above the norma) level 
when the Nichols Allegro intact PTH assay was used. These 
early studies indicated a diagnostic sensitivity of intact PTH 
assay of about 72.4-87.5% only. Most recently, Silverberg 
et al/ 25 * reported a prospective clinical validation using 
whole PTH assay, Nichols intact PTH assay, and a midre- 
gional PTH competitive assay. In her study, a well-defined 
group of patients with mild l°-HPT was chosen and the 
clinical diagnostic sensitivities were 96% for whole PTH 
assay, 76% for intact PTH assay, and 54% for a midregional 
PTH assay. Significant statistical differences were found 
between each assay in this study. Whole PTH(l-84) values 
from 318; uremic patients displayed a heterogeneous distri- 
bution pattern with both normal and elevated levels. 

This study has shown that there is no consistent percent- 
age of aminoterminally truncated PTH fragments (Fig. 9; 
Table 2). It is inconsistent percentage of aminoterminally 
truncated PTH fragments among patients with HPT that 
could easily give rise to two previously unforeseen major 
problems in the clinical decisions based on available intact 
PTH assays for evaluating the function of the parathyroid 
glands. First, because most intact PTH assays have >60% 
cross-reaction* l0> to the PTH fragments and the ratio of 
whole PTH/intact PTH or the pB% is not consistent even in 
patients in the same disease condition, the parathyroid func- 
tion will always be overestimated and inconsistently esti- 
mated in different degrees by intact PTH assays measuring 
both the full-length whole PTH(l-84) and its aminotermi- 
nally truncated fragments. Second, because of the signifi- 
cantly different molar rates of cross-reactivity of commer- 
cially available intact PTH assays, interiaboratory 
discordance of PTH levels have been observed from the use 
of different intact PTH assays. Theoretically, the aminoter- 
minally truncated PTH fragment is a naturally produced 
polypeptide, which is able to bind to PTH/PTH-related 
protein (PTHrP) receptors. One preliminary in vivo study 
with parathyroidectomized rats showed an 80% decreased 
ca Iconic response for a 1:1 molar ratio of infused PTH(7- 
84) and PTH(l-84) compared with PTH(l-84) alone.™ 
The biological importance of these aminoterminally trun- 
cated fragments that have been shown to act as PTH antag- 
onist or inhibitor appears to regulate eventually the sensi- 



tivity of PTH/PTHrP receptors and warrants further 
investigation. These PTH fragments also could be ligands 
for a thus far unisolated receptor for the carboxy-terminal 
part of PTH. However, whether this receptor plays a role in 
the regulation of calcium metabolism is not known. C7> 

In summary, a novel IRMA was developed that only 
detects biologically active whole PTH(l-84) without cross- 
reaction to the aminoterminally truncated PTH fragments. 
The assay uses only a single incubation procedure. The 
PTH(l-84) specificity of the new assay was defined by 
tracer antibody evaluation, cross-reactivity experiments, 
and measurements of HPLC fractionated patient samples. 
With this whole PTH IRMA, we first showed that previ- 
ously described non-(l-84) PTH fragments 0 0) should be 
aminoterminally truncated. The presence of these aminos- 
erminally truncated PTH fragments was shown not only io 
uremic patients, but also in P-HPT patients and normal! 
persons. Moreover, the percentage concentration of the bi- 
ologically active whole PTH(l-84) in the poo! of total 
immunoreactive intact PTH is significantly variable from 
patient to patient, even in patients with the same type of 
HPT and, thus, it is impossible to interpret biologically 
active PTH levels with current intact PTH assays. The new 
whole PTH IRMA is clinically significant in differentiating 
patients with 1°-HPT and 2°-HPT from the normal popula- 
tion in measuring PTH(l-84) exclusively. Because of the 
immunological heterogeneity of circulating PTH, this new 
assay model could be applied as a more meaningful! and! 
standardized method for the measurement of biologically 
active and hence clinically significant PTH. . n 
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